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/A  restriction  endonuclease,  N  me  I, /present  in  Neisseria  meningitidis  DRES  W34 
was  studied.  The  enzyme  was  partially  purified  by  passing  through  a  blue  2  cross-linked 


agarose  column;  no  contaminating  nuci 
phage  A,  adenovirus  type  2  (Ad  2)  and 


es  remained  detectable.  This  enzyme  cleaved 
.  _  ....  x  174  DN  A  but  did  not  cleave  simian  virus 

40  (SV40)  DNA.  It  had  an  absolute  requirement  for  Mg(2*)for  its  activity  and  was 
inhibited  by  high  concentrations  of  JNeCT or^Mg  Cfr  Nmel  activity  was  completely 
abolished  after  one  hour  of  incubation  at  65*C.  S-adenosyl-L-methionine  and  ATP 
had  no  effect  on  its  activity  suggesting  that  Nmel  is  a  type  II  restriction  endonuclease 
enzyme.  A 
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INTRODUCTION 

Restriction  and  modification  systems  have  been  extensively  studied  in  a  number  of 
bacterial  species.  A  restriction  endonuclease  recognizes  a  specific  nucleotide  sequence  in 
double  stranded  DNA  and  cleaves  both  strands,  fragmenting  the  DNA.  These  are  part 
of  the  restriction-modification  system  which  was  first  described  by  Luria  and 
Human  (7).  This  system  maintains  the  integrity  of  a  bacterial  genome  and  protects  the 
cell  from  invasion  by  foreign  DNA.  Three  different  types  of  restriction-modifications 
have  been  recognized  (9,  11,  15).  Type  I  restriction  endonucleases  cleave  DNA  at  non¬ 
specific  sites  far  removed  from  the  recognition  site  and  require  ATP,  S-adenosyl-L- 
methionine  and  Mg1*  for  their  activity.  Type  III  restriction  endonucleases  require  ATP 
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and  Mg2*  for  their  activity  and  cleave  DNA  24  -  26  base  pairs  from  the  3'  side  of  the 
recognition  site.  The  recognition  sites  recognized  by  type  I  and  type  III  enzymes  are 
nonpalindromic.  Type  II  enzymes  recognize  palindromic  sequences,  require  only  Mg2* 
for  their  activity,  and  cleave  substrate  DNA  at  a  specific  site  within  or  at  the  end  of  the 
recognition  sequence.  The  first  type  II  restriction  endonuclease  to  be  discovered  was  the 
Hind  II  enzyme  (14);  since  then,  over  200  enzymes  of  this  type  have  been  reported  (12). 
These  enzymes  have  found  wide  application  in  the  analysis  and  restructuring  of  DNA 
molecules  and  also  provide  convenient  systems  for  studies  on  the  interaction  between 
proteins  and  specific  sequences  in  nucleic  acids  since  they  require  only  Mg2*  as  a 
cofactor  (12).  We  report  here  the  partial  purification  and  characterization  of  a  type  II 
restriction  endonuclease  from  N.  meningitidis  DRES  W34.  Hereafter,  this  enzyme 
activity  will  be  referred  to  as  Nmel  following  the  nomenclature  suggested  by  Smith  and 
Nathan  (13). 

MATERIALS  AND  METHODS 
Organism  and  Culture  Conditions 

N.  meningitidis  strain,  DRES  W34  was  cultivated  in  one  liter  of  brain  heart 
infusion  broth  in  6  L  Erlenmeyer  flasks.  Growth  was  carried  out  in  an  gyratory  shaker 
incubator  for  16  h  with  shaking  at  35°C  in  an  atmosphere  of  5%  CO,  in  air  (3).  Cells 
were  harvested  at  4°C  by  centrifugation  at  15,000  x  g  for  10  min. 

Preparation  of  Cell-Free  Extract 

The  cell  pellet  was  suspended  in  10  mL  of  Tris-HCl  buffer  pH  7.6  (Tris,  20  mM, 
MgCl,,  10  mM  and  dithiothreitol,  10  mM;  buffer  A)  and  ultrasonically  disrupted  by 
Soniprep  150  sonicator  using  20  x  10  sec  burst  on  ice.  Cell  free  extract  (CFE)  was 
obtained  by  centrifugation  at  100,000  x  g  for  1  h.  To  the  CFE,  glycerol  was  added  to  a 
final  concentration  of  10V*  and  stored  at  -70°C  till  further  use. 

Purification  of  Enzyme 

Nmel  was  partially  purified  according  to  the  method  of  Baksi  et  al.,  (1).  The 
CFE  was  passed  through  a  column  (0.9  x  9  cm)  packed  with  reactive  blue  2  cross- 
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linked  agarose  (Sigma)  previously  washed  with  buffer  A.  The  column  was  washed  with 
IS  mL  of  buffer  A  to  remove  nucleic  acid  and  non-binding  proteins.  The  enzyme  was 
eluted  by  single  step  elution  with  O.S  M  NaCl  (30  mL)  in  buffer  A.  Fractions  ( 2.5  mL) 
were  collected  on  an  automatic  fraction  collector  and  protein  concentration  was 
monitored  by  measuring  the  absorbance  at  280  nm.  The  fractions  with  the  highest 
protein  concentration  (fractions  5  -  10)  were  pooled  and  dialysed  against  buffer  A  in 
the  presence  of  glycerol  (10  %  v/v).  The  dialysate  was  stored  at  -70°C. 

Enzyme  Assay 

- The  enzyme  activity  of  Nmel  was  assayed  by  agarose  gel  electrophoresis.  The 

standard  assay  mixture  contained  5  jiL  of  substrate  DNA  (A,  simian  virus  40  (SV40), 
adenovirus  type  2  (Ad  2),  <t>  x  174  (Sigma)  diluted  to  a  unit  activity  per  mL  at  260  nm) 
in  buffer  A,  and  S  p L  of  BSA  (0.4  ng/mL).  The  reaction  was  initiated  by  adding  35  *iL 
of  enzyme  sample  and  the  reaction  mixture  was  incubated  at  37°C  for  1  h.  The  reaction 
was  stopped  by  adding  5  pL  of  a  solution  containing  7°7o  sodium  dodecyl  sulfate  (SDS), 
0.2  M  ethylene  diamine  tetra  acetic  acid  (EDTA),  25%  Ficol  40,000  to  which  phenol  red 
was  added  as  an  indicator.  The  whole  assay  reaction  mixture  was  used  for 
electrophoresis. 

Gel  Electrophoresis 

Agarose  gel  electrophoresis  was  performed  as  follows:  gel  was  prepared  by 
1.4%  Seakam  (Sea  Plaque)  agarose  in  Tris-acetate  buffer  pH  7.9  which  contained  Tris 
40  mM,  sodium  acetate  5  mM  and  EDTA  1  mM  (buffer  B).  Electrophoresis  was  carried 
out  in  a  vertical  slab  gel  apparatus  (Bio-Rad),  using  buffer  B  usually  for  1.5  h  at  100  V 
until  the  dye  migrated  1  inch  from  the  bottom  of  the  gel.  The  gel  was  then  stained  with 
ethidium  bromide  (0.2  fig/mL)  for  1  h.  DNA  fragments  were  visualized  with  a  short 
wave  U.V.  trans- illuminator.  Photographs  were  taken  with  a  Polaroid  type  55  P/  N  film 
exposed  through  a  red  filter. 

RESULTS  AND  DISCUSSION 

Restriction  endonucleases  have  been  found  in  most  bacterial  genera.  Different 
types  of  restriction  enzyme  activity  present  in  a  variety  of  microorganism  have  been 
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reviewed  by  Roberts  (11).  A  cell  free  extract  obtained  from  N.  meningitidis  when 
incubated  with  A  DNA  and  analyzed  by  agarose  gel  electrophoresis  did  not  give  a  clean 
fragmentation  pattern.  This  effect  may  have  been  due  to  the  presence  of  other  exo-  and 
endo- nucleases  in  the  CFE  (1)  which  made  the  determination  of  restriction 
endonuclease  activity  impossible  at  this  point.  Therefore,  to  determine  whether  there  is 
any  restriction  endonuclease  activity  present  in  N.  meningitidis,  the  enzyme  was  purified 
according  to  the  method  for  rapid  purifications  of  restriction  endonucleases,  described 
by  Baksie/a/.,  (1).  The  enzyme  was  eluted  from  the  column  with  0.5  M  NaCl  in  buffer 
A.  Very  little  restriction  endonuclease  activity  was  observed  in  the  eluant.  However, 
subsequent  dialysis  against  Buffer  A  (as  mentioned  in  Material  and  Methods)  did  lead  to 
the  restoration  of  enzyme  activity  as  shown  by  fragmentation  of  k  DNA 
(Figure  1,  Channel  1).  The  enzyme  so  purified  was  free  of  contaminating  nucleic  acid 
and  other  nucleases  (1)  and  was  sufficentiy  concentrated  for  direct,  specific  DNA 
hydrolysis.  Inhibition  of  Nmel  by  NaCl  was  further  studied.  To  find  the  concentrations 
of  NaCl  that  would  inhibit  restriction  enzyme  activity,  samples  were  assayed  in  the 
presence  of  different  concentrations  of  NaCl  (data  not  shown).  Nmel  retained  full 
enzyme  activity  at  NaCl  concentrations  of  up  to  0.2  M  while  complete  inactivation  was 
seen  at  0.4  M  NaCl.  Similar  inhibitory  effects  were  observed  with  Bsp  obtained  from 
Bacillus sphaericus  as  reported  by  Knocz,  Kiss  and  Venetainer  (4).  These  results  suggest 
that  Nmel  is  reversibly  inhibited  by  the  high  concentration  of  NaCl. 

All  Type  II  restriction  endonucleases  require  Mg2*  as  an  essential 
cofactor  (9,  II).  To  demonstrate  that  Nmel  required  Mg2+  as  a  cofactor  for  its  enzyme 
activity,  a  sample  of  Nmel  was  exhaustively  dialyzed  in  Buffer  A  without  MgCL  and 
tested  for  restriction  endonuclease  activity.  The  effect  of  Mg2+  is  illustrated  in  Figure  1 . 
Nmel  gave  maximum  restriction  endonuclease  activity  at  a  MgCU  concentration  of 
0.01  M  as  shown  by  the  series  of  low  molecular  weight  bands  channels  1  and  2  of 
Figure  1.  Concentrations  of  MgCl2  above  0.02  M  have  an  inhibitory  effect  on  the 
restriction  endonuclease  activity  of  Nmel.  This  inhibitory  effect  is  clearly  evident  from 
the  fragmention  pattern  of  intermediate  mobilities  obtained  by  the  partial  cleavage  of  k 
DNA  (Channels  3  -  5).  In  the  absence  of  Mg**,  limited  restriction  endonuclease 
activity  was  observed  (Channel  5).  These  results  demonstrate  that  Nmel  has  an  absolute 
and  a  precise  requirement  for  Mg’*  for  its  optimal  restriction  enzyme  activity.  EDTA, 
an  inhibitor  of  metalo-enzymes  at  low  concentration,  completely  inhibited  the  enzyme 
activity  of  Nmel  as  indicated  by  the  uncleaved  A  DNA  band  at  the  top  of  the  gel 
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(Channel  7).  Recently,  Barton,  Basil  and  Parananivethan  (2)  have  reported  that  EcoRI, 
a  type  II  restriction  enzyme  from  Escherichia  coli  is  a  zinc-metallo-enzyme.  Our  results 
on  the  effect  of  EDTA  also  suggest  that  Nmel  is  a  type  II  metallo-enzyme.  Polisky  et 
al .,  (10)  have  reported  a  relaxing  of  specificity  of  the  recognition  sites  of  EcoRI  at 
higher  ionic  strengths  which  could  be  the  case  here  as  well.  Alterations  in  the  rates  of 
activity  at  higher  MgClj,  and  indeed  at  higher  ionic  strengths  in  general  (as  also 
demonstrated  by  the  NaCl  inhibition  effect  explained  earlier),  were  also  reported  by 
Maxwell  and  Halford  (8)  for  SalGI  and  for  Neil  by  Watson,  Zuker,  Martin  and 
Visentin  (16). 

In  another  set  of  experiments  to  check  for  the  presence  of  a  Type  I  and  Type  III 
restriction  enzyme  in  the  sample,  ATP  and  S-adenosyl-L-methionine  (0.4  mM  and 
0.04  fiM  final  concentrations,  respectively),  were  also  added  to  the  assay  mixture. 
However,  such  an  addition  did  not  alter  the  fragmentation  of  A  DNA.  Therefore,  both 
ATP  and  S-adenosyl-L-methionine  are  not  required  for  this  enzyme  activation.  These 
results  suggest  that  Nmel  activity  is  a  typical  type  II  restriction  endonuclease. 

The  effect  of  high  temperature  on  the  stability  of  Nmel  is  presented  in  Figure  2. 
Enzyme  samples  were  incubated  at  different  temperatures  for  30  min  before  assaying. 
Samples  incubated  at  37°C  or  below  showed  unaltered  enzyme  activity  with  A  DNA  while 
there  was  little  enzyme  activity  observed  in  samples  incubated  at  45°C  and  55°C.  The 
enzyme  was  completely  inactivated  after  incubation  at  65° C.  These  results  are 
comparable  to  those  reported  for  Ngoll  (6).  Samples  kept  at  -70°C  in  10%  glycerol 
are  stable  for  over  a  month. 

In  addition  to  these  various  properties,  it  was  important  to  establish  the 
fragmentation  pattern  of  Nmel  on  different  DNA  substrates.  The  results  in  Figure  3 
show  that  Nmel  cleaved  A  DNA  into  at  least  18  fragments,  <t>  x  174  was  cleaved  once 
and  there  was  no  noticeable  cleavage  of  SV40.  Nmel  also  cleaved  Ad  2  DNA  into  8 
fragments  (data  not  shown).  The  cleavage  patterns  described  here  are  different  from 
those  reported  by  Clanton  et  al.  for  Ngoll,  an  isoschizomer  of  Haelll  (S)  and  from 
Ngol  an  isoschizomer  of  Haell  (7).  To  check  that  Nmel  was  not  an  isoschizomer  of 
Haelll,  Nmel  and  Haelll  were  mixed  and  used  to  digest  A  DNA.  Figure  4  shows  the 
difference  between  the  Nmel  and  Haelll.  The  double  digest  of  both  enzymes  on  A  DNA 
gave  a  fragmentation  pattern  dissimilar  to  that  produced  by  either  enzyme  alone, 
suggesting  that  Nmel  was  indeed  not  an  isoschizomer  of  restriction  endonucleases  from 
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N.  gonorrhoeae  and  Haemophilus  aegyptius.  Similar  to  Nmel  restriction  endonuclease 
Neil  from  N.  cineria  (16)  cleaved  <t>  x  174  DNA  at  one  site  but  did  not  cleave  SV40 
DN A.  Neil  cleaved  Ad  2  DNA  at  more  than  15  different  sites.  However,  in  the  absence 
of  cleavage  activity  of  Nmel  toward  Ad  2  DNA  it  is  difficult  to  compare  these  two 
enzymes  at  this  time. 

In  conclusion,  this  is  the  first  report  of  a  restriction  enzyme  in  N.  meningtidis. 
This  endonuclease,  Nmel  belongs  to  the  family  of  type  II  restriction  endonucleases. 
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FIGURE  1 

The  effect  of  Mg2*  on  Nme/  enzyme  activity.  Enzyme  sample  was  dialysed 
thoroughly  against  buffer  A  containing  10%  glycerol  without  Mg2*.  Enzyme 
activity  of  dialysed  Nme/  was  assayed  in  the  presence  of:  I.  5  mM  MgCI.; 
2.  10  mM  MgCI2;  3.  20  mM  MgCI2;  4.  50  mM  MgCI*;  5.  100  mM  MgCI2; 
6.  No  MgCI2;  7.  1  mM  EOTA,  respectively,  and  A  DIMA  was  used  as  substrate. 
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FIGURE  2 

Agarose  gel  showing  thermal  stability  of  Nmel  at  various  temperatures.  The 
enzyme  samples  2-7  were  incubated  at  respective  temperatures  25°,  37°,  45°, 
56°  and  65°C  for  30  min  and  assayed  for  residual  enzyme  activity  as  described  in 
Materials  and  Methods.  Phage  A  DNA  was  used  as  substrate.  Control  sample  I 
was  kept  at  -70°C  and  thawed  immediately  before  assay. 
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FIGURE  3 

Agarose  gel  showing  the  fragmentation  patterns  caused  by  Nmel  on  different 
substrate  DNA's.  Channels  1,  3  and  5  represent  controls  for  phage  A,  <|>  x  174  and 
SV40  ONA  while  channels  2,  4  and  6  represent  respective  DNA  after  treatment 

with  Nmel. 
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FIGURE  4 

Agarose  gel  of  fragmentation  patterns  of  phage  A  DNA  after  digestion  with 

Nmel  and  Haelll:  1.  Nmel,  2.  a  mixture  of  Nmel  and  Hae/ll,  3.  Haelll. 


UNCLASSIFIED 


B  -  4 


This  Sheet  Security  Classification 


OOCUMCNT  CONTROL  OATA  -RAO 

iSacwoiv  •'  mw,  tody  of  «Rwki  and  md— Ire  •arowhoa  mutt  bo  ontorod  **»•"  mo  ovoroH  do  cm  mom  «  ooifiodl 


1  ORIGINATING  ACTIVITY 


DRES 


2a.  DOCUMENT  MCURITY  CLASSIFICATION 

Unclassified 


2b  GROUP 


J  DOCUMENT  TITLE 

Partial  Purification  and  Characterization  of  Restriction  Endonuclease  from 
Neisseria  meningitidis 


4  DESCRIPTIVE  NOTES  (Typo  of  report  and  mclutlvo  dofacl 


S  AUTHOR  (SI  (Loti  noma.  fwM  noma,  middle  MUoll 


A.  Rashid  Bhatti*  and  Richard  Sparling 


s  document  DATE  ^centoer  1983 


am  project  or  grant  no. 

16A10 

■b  CONTRACT  NO. 


ft.  TOTAL  NO.  OF  PAGES 

13 


7b.  NO.  OF  REFS 

16 


So.  ORIGINATOR’S  DOCUMENT  NUMSERfSI 


1098 


9b.  OTHER  DOCUMENT  NO.  IS  I  (Any  odwr  number*  Ibm  may  bo 
ill 


10.  OlfTRIdUTlON  STATEMENT 

Uni imi tied 

11.  SUPPLEMENTARY  NOTES 

12.  SPONSORING  ACTIVITY 

13.  ASSTRACT 

A  restriction  endonuclease,  Nmel,  present  In  Neisseria  meningitidis 
DRES  W34  was  studied.  The  enzyme  was  partially  purified  by  passing  through 
a  blue  2  cross-linked  agarose  column;  no  contaminating  nucleases  remained 
detectable.  This  enzyme  cleaved  phage  a,  adenovirus  type  2  (Ad  2)  and 
♦xl74  ONA  but  did  not  cleave  simian  virus  40  (SV40)  DNA.  It  had  an 
absolute  requirement  for  Mg2*  for  Its  activity  and  was  Inhibited  by  high 
concentrations  of  NaCl  or  MgCl2.  Nmel  activity  was  completely  abolished 
after  one  hour  of  Incubation  at  6*»*C .  S-adenosyl-L-methlonlne  and  ATP  had 
no  effect  on  Its  activity  suggesting  that  Nmel  Is  a  type  II  restriction 
endonuclease  enzyme. 


man 


This  Sheet  Security  Classification 


N.  meningitidis 


Endonuclease 


Restriction  enzymes 


INSTRUCTIONS 


I  ORIGINATING  ACTIVITY  Em*  the  name  and  addraaa  ol  IlM 
nrpmi/atiuit  nammi  lh»  dominant 

/a  DOCUMENT  SECURITY  CLASSIFICATION  Enter  the  overall 
wcutity  tUttdicanon  ol  the  document  including  tpeclal  Morning 
lonm  whenavar  applicable. 

At  GROUT  I  nlm  incur  iiy  recleaadicetion  group  number.  The  three 
V|«IIK  .«r  defined  m  Appendix  TTol  lha  ORB  Security  Regulation!. 

J  DOCUMENT  TITLE  tin*  lha  complela  document  lido  m  all 
■  apiiai  letter  a  T.llea  m  all  cate!  ihould  be  unclaMifiad.  II  a 
lullirianiiy  deacrrpt.ve  title  cannot  be  (elected  without  cteaadi 
1  aimn.  iima  ntla  claudication  with  lha  uiual  one capital-letter 
eMarvietHin  m  parmtheaea  an  mediately  following  the  title. 

4  DESCAITTIVE  NOTES  tiller  the  category  ol  document.  a.g. 

1 1*1  hit  ice*  ■  agon,  technical  note  or  lechmcd  letter.  II  eppropr  1 
ate.  ante*  lha  type  ol  document,  e.g.  mtaratt,  prograaa, 
kmanary.  annuel  nr  final  Owe  the  inchMive  datae  when  a 
HWi.trc  reporting  period  I!  coveted. 

5  auTHOHIM  Enter  the  namelil  ol  authorial  at  Piown  on  ot 
m  the  document  Enter  tact  name.  Drat  name,  middle  initial, 
it  military,  dtoey  rank  The  name  ol  lha  principal  author  le  an 
atnuluta  minimum  rariuiramant. 

fi  DOCUMENT  DATE  Enter  the  data  Imonth,  year  I  ol 
EataMiahment  approval  lor  publication  ol  the  document. 

>•  TOTAL  NUMBER  Of  RACES  The  totel  page  count  ptouM 
tnttoM  normal  pagmatron  procedural,  i.e.,  enter  the  number 
nl  page*  1  imtemmg  information. 


ft.  NUMBER  Of  REFERENCES  Enter  the  IomI  number  ol 
referent  e\  1  ttrrrl  m  lh*r  dm:nmani. 

to  THO  At:  I  OR  ORAN  I  NUMBER  H  appropriate,  enter  lha 
mpln  ahhi  rematch  m.d  ilevetotiment  protect  or  grant  number 
umlw  whrrh  thr*  fhx iiinanf  wee  written. 

Nb  CONTRACT  NUMBER  II  nppr  opr  tala,  enter  the  applicable 
•hunt an  unite*  which  the  document  wet  written 

to  ORIGINATOR'S  DOCUMENT  NUMBER(S)  Enter  lha 
utfwiel  tlncitmanl  number  liy  which  lha  document  will  be 
•.•entitled  anti  continued  by  the  or tp noting  activity  Thtl 
miinbn  mutt  be  unique  10  thia  document 


9b.  OTHER  DOCUMENT  NUMBER  (SI  II  the  document  hot  been 
oMtgned  any  other  document  number!  (either  by  the  originator 
or  by  the  aponaorl.  aNo  enter  thit  number  I  tl. 

10.  DISTRIBUTION  STATEMENT:  Enter  any  hmitetmnt  on 
further  thaaemmation  ol  the  document,  other  than  thow  impoad 
by  MCuriiy  clawifitaiion,  unng  itandard  tt element!  auch  ea 

III  "Qualified  requettara  may  obtain  copra!  ot  thn 

document  from  than  defence  documentation  canter." 

(?)  "Announcement  and  dnwmrnation  ol  thn  document 
it  not  author  1  tad  without  prior  approval  trom 
originating  activity." 

11.  SUTTLEMENTARY  NOTES:  Uia  lor  additional  explanatory 
note! 

12.  STONSORING  ACTIVITY:  Enter  the  name  ol  the  departmental 
project  office  or  laboratory  toon  Miring  the  fewer  ch  and 
development  Include  addrwa. 

1 J  ABSTRACT  Enter  an  abitract  giving  a  brial  anti  tactual 
tummery  ol  lha  document,  even  though  d  may  aho  appear 
altowhara  in  the  body  of  lha  document  itaaff  it  n  highly 
dawrabla  that  the  abatract  of  cfaaaiflad  documenta  be  unclean 
lied.  Each  paragraph  of  the  abatract  died  and  with  an 
indication  of  the  aacunty  claaaificatton  of  the  information 
m  the  paragraph  lunleaa  the  document  itaalf  n  uncletadied) 
rapreeanted  at  ITS).  (Si.  (Cl.  (R»,  or  |U>. 

The  length  ol  the  abatract  dwvM  be  limited  to  20  ample  apeced 
(lander r<  typewritten  tinea.  7H  mchea  long. 

14.  KEY  MfOROS  Key  tvorda  ere  technically  meaningful  terma  or 
ihort  phtaaea  that  chaiaciatire  a  ilocumenl  and  could  be  haiplul 
in  cataloging  the  document  Key  woeda  ahouM  he  aeteried  to 
ihel  no  aecutity  cfeaulieanon  ta  requireri.  Identifier!,  tuch  at 
wtuipmant  modal  detignetion.  neda  name,  military  protect  coda 
name,  geographic  location,  may  he  uaad  ea  key  worth  but  will 
lie  followed  by  an  indication  of  technical  context. 


